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VARIABLE NOZZLE CONTROL APPARATUS OF TURBO CHARGER 

The present application is based on Japanese Patent 
Application No. 2003-34633, the entire contents of which 
are incorporated herein by reference* 
5 BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a variable nozzle 
control apparatus of a turbocharger for controlling the 
opening of the vane of a variable nozzle of a turbocharger 
10 mounted on a car by means of an electronic control 
actuator in response to a control signal transmitted from 
an engine ECU- 

2. Related Art 

Conventionally, a technique for controlling the 
15 opening of the vane of a variable nozzle of a turbocharger 
mounted on a car of this type has a structure shown in 
Fig. 4, for example* 

Description will be given to the structure. 1 
denotes an engine ECU which is mainly constituted by a 
20 microcomputer including a CPU, an ROM, an RAM and an I/O 
circuit which are well known, The engine ECU 1 includes 
an electronic control throttle valve capable of variably 
regulating the amount of air taken into an internal 
combustion engine (engine) and serves to carry out an 
25 operation for opening and closing the electronic control 



1 



04- 2-12; 3 : 55PM ;NGB 



McGINN & GIBB ;81 35561 3954 



# 4/ 32 



throttle valve. The engine ECU 1 inputs the detection 
signals of a water temperature sensor, a rotation sensor 
and a load sensor which are provided in the engine {not 
shown) , and detects an air-fuel ratio, an engine water 
5 temperature, an engine speed, an intake air amount and 
a fuel injection amount. 2 denotes a duty solenoid valve 
which is provided on the air intake tube side of the engine 
and serves to introduce air from the atmosphere. The 
duty solenoid valve 2 regulates an air pressure by an 

10 actuator, for example, a negative pressure actuator 3 
so that an opening thereof is regulated and the amount 
of the air taken into the engine is regulated- Moreover, 
the duty solenoid valve 2 is provided among a pressure 
chamber, a negative pressure chamber and an atmospheric 

15 pressure chamber in the engine and is operated upon 
receipt of a control signal from the engine ECU 1- On 
the other hand, the negative pressure chamber of the 
engine receives and regulates a negative pressure from 
a vacuum pump 4, thereby operating the negative pressure 

20 actuator 3- The vacuum pump 4 circulates oil to carry 
out an operation. 5 denotes a turbocharger to be a 
so-called supercharging system of an internal combustion 
engine which controls the opening of a variable nozzle 
for causing the flow velocity of an exhaust gas to be 

25 variable which is provided in the turbocharger 5 by the 
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operation of the negative pressure actuator 3. In the 
drawing, 6 denotes a pressure sensor which is provided 
with a hose 6a placed in the exhaust gas flow path of 
the turbocharger 5, and the detection signal of the 
5 pressure sensor 6 is introduced into the engine ECU 1 
through a communication line 6b. 

Moreover, another example in the conventional art 
includes a variable nozzle turbocharger control 
apparatus of an internal combustion engine which has been 

10 disclosed in JP-A-2 0 0 1 - 1 0 7 7 3 S , and Fig* 5 shows a 
structure thereof. 

Description will be given to the structure- 7 
denotes a turbocharger comprising a center housing, a 
compressor housing and a turbine housing. 

15 In the compressor housing/ an air intake inlet port . 

7a for introducing air to be supplied to the combustion 
chamber of an engine 8 is provided in a portion positioned 
on the opposite side of the center housing. The turbine 
housing is attached to the other end side of the center 

20 housing, and an exhaust gas is sprayed onto the turbine 
housing and is then fed to a catalyst through an exhaust 
gas outlet port 7b in the portion positioned on the 
opposite side of the center housing in the turbine housing. 
A variable nozzle (not disclosed) provided in the 

25 turbocharger 7 is disposed between the center housing 
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and the turbine housing. 9 denotes a stepping motor. By 
the driving operation of the stepping motor 9, an 
operating piece 10 is operated to press ring plates 
provided in the variable nozzles in the same direction, 
5 thereby regulating the size of a clearance between the 
vanes of the mutual variable nozzles- Thus, the flow 
velocity of the exhaust gas sprayed onto a turbine wheel 
is regulated* 11 denotes an ECU (electronic control 
unit) of the engine which serves to input the detected 

10 outputs of various sensors provided in the engine, to 
identify the operation state of the engine based on the 
detected outputs and to control the driving operation 
of the stepping motor 9, thereby controlling the. opening 
of the vane of each of the variable nozzles to regulate 

15 . the flow velocity of the exhaust gas sprayed onto the 
turbine wheel. Consequently, the amount of air to be fed 
forcibly for combustion is also regulated* 

In the drawing, 12 denotes a radiator which is 
connected to the engine 8. The cooling water of the 

20 engine 8 is circulated in the radiator 12 and is thus 
cooled. 13 denotes a heater connected to the engine 8 
in which the cooling water is heated so that warm air 
is fed into the interior of the car. 

According to the conventional art, the whole 

25 position of the variable nozzle is set to be the initial 
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position of the variable nozzle at time of the generation 
of the abnormality of the variable nozzle turbocharger 
control apparatus of the internal combustion engine, cold 
starting, the operation of a heater or idling, 
5 Consequently, precision in the control of the position 
of each nozzle vane in the vicinity of a full-open 
position can be enhanced, and furthermore, a 
controllability can be improved in a high rotation and 
low load operation state. 

10 Since the conventional art has the structure 

described above, there are the following problems. 

More specifically, in the former case of the 
conventional art, a control signal is generated from the 
engine ECU 1 and operates the negative pressure actuator 

15 3 through the. duty solenoid valve 2, thereby controlling 
the opening of the variable nozzle coupled to a link 
mechanism including a lever and a rod in order to control 
the opening of the variable nozzle provided in the 
turbocharger 5. The microcomputer constituting the 

20 engine ECU 1 is to calculate an air intake pressure, that 
is, a boost pressure in the supply of air to be taken 
into the engine to the air intake path. A data map having 
an engine rotation signal set to be an X axis, a fuel 
injection amount set to be a Y axis and a target boost 

25 pressure set to be a Z axis is stored, and a water 
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temperature signal, a rotation signal and a load signal 
which are input from the sensor of the engine are read 
and a target boost pressure suitable for a signal amount 
is calculated. Furthermore, an actual boost pressure is 
5 detected from the pressure sensor 6 to operate the engine 
ECU 1 in response to an output signal. Accordingly, 
there is a problem in that the duty solenoid valve 2 and 
the negative pressure actuator 3 are caused to generate 
a misarrangement in an operation by precision in the 

10 sensor, a temperature drift or the linear interpolation 
computing error of the data map and the opening of the 
. variable nozzle cannot be controlled properly. 

In particular,. the position of .. the ..negative 
pressure actuator 3" is determined by a regulated negative 

15 pressure amount and the spring pressure of a return spring- 
There is a problem in that the control software of the 
engine ECU 1 for carrying out a control operation to have 
an optimum value , and furthermore, for executing a 
deciding operation when the negative pressure actuator 

20 3 requires a positive pressure and a negative pressure 
and the opening of the variable nozzle is improper has 
a load hysteresis increased remarkably and cannot exhibit 
a resolution. 

Moreover, the engine ECU 1 and the duty solenoid 

25 valve 2 are provided in an interior and an engine room, 
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respectively. A control signal line led from the engine 
ECU 1 to the duty solenoid valve 2 and the negative 
pressure actuator 3 is long and congested, and a noise 
is apt to be. generated. For this reason, a 

5 countermeasure is to be taken against a noise, for example, 
the control signal line is to be shielded. Furthermore, 
the specification of the design of the duty solenoid valve 
2 is complicated. 

In addition, the duty solenoid valve 2 is connected 

10 to the negative pressure chamber of the negative pressure 
actuator 3 through the hose 3a, the vacuum pump 4 to be 
rotated by the engine is connected to the duty solenoid 
valve 2, and the opening of the variable . nozzle 
communicating with the atmosphere is constituted by 

15 mechanical, devices, that is, the negative pressure 
actuator 3 through the hose 3a. Consequently, there is 
a problem in that the hose 3a, and furthermore, the vacuum 
pump 4 are required, resulting in an increase in the size 
and complexity of a whole system. 

20 In the latter case of the conventional art, as 

described above, the variable nozzle to be operated by 
the operating piece 10 is provided in the path for the 
exhaust gas to be sprayed onto the turbine wheel. The 
variable nozzle is opened and closed by the ring plate, 

25 In the variable turbocharger control apparatus of the 
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internal combustion engine for regulating the flow rate 
of the exhaust gas, consequently, the initial position 
of the variable nozzle is determined and the opening of 
the vane of the variable nozzle is controlled at time 
5 of the generation of the abnormality of the variable 
nozzle turbocharger control apparatus of the internal 
combustion engine, cold starting, the operation of the 
heater or the idling of the internal combustion engine. 
Moreover, the driving operation of the vane of the 

10 variable nozzle is carried out by the rotating operation 
of the stepping motor 9. Consequently, the latter, case 
has almost the same problems as those of the former case 
in the conventional art. 

SUMMARY OF THE INVENTION 

15 The invention has a first object to cause the sy$tem 

or apparatus to comprise an electronic control actuator, 
to control the electronic control actuator through a 
control signal line from an engine ECU, to control the 
opening of the vane of a variable nozzle provided in a 

20 turbocharger and to simply calculate the vane opening 
target position of the variable nozzle by the electronic 
control actuator to carry out an adaptation and a control 
to the actual opening position of the valve of the 
variable nozzle, thereby reducing the load of the 

25 software of the engine ECU, eliminating various hoses, 
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and furthermore, forming a control signal line which does 
not require a count ermeasure to be taken against a noise, 
mounting the electronic control actuator on the 
turbocharger to reduce a size, automatically deciding 
whether the opening of the vane of the variable nozzle 
is suitable or carrying out a comparison processing, 
enhancing a resolution, and controlling the opening of 
the vane of the variable nozzle by the electronic control 
actuator which can be controlled by a feedback signal- 
In the driving operation of the system or apparatus, 
usually, the vane of the variable nozzle is operated 
within a partial operating angle range in a full operating 
region. Accordingly, soot adheres to or stays on the 
surface of a nozzle ring within the operating angle range 
other than the normal operating region of the vane of 
the variable nozzle. The invention has a second object 
to operate- the vane to a full open position via a full 
closing position at least once in the full operating 
region of the vane of the variable nozzle by status 
indication information transmitted from the engine ECU 
based on the stop of an engine which is carried out by 
the OFF operation of an ignition switch, thereby 
executing so-called soot sweeping. 

In order to attain the objects, the invention has 
been made and has the following structures and devices. 
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A first aspect of the invention is directed to a 
variable nozzle control apparatus of a turbocharger 
comprising an electronic control actuator for inputting 
detected outputs from various sensors provided in an 
5 engine including a turbocharger having a variable nozzle 
and controlling an opening of a vane of the variable 
noz2le of the turbocharger in response to a control signal 
transmitted from an engine ECU for identifying an 
operating situation of the engine by the detected outputs 

10 of the sensors, 

wherein the electronic control actuator has a motor 
section to be a driving source, an output shaft coupled 
to the motor section through a reduction gear mechanism 
and coupled to the vane of the variable nozzle of the 

15 turbocharger, an angle sensor for detecting a rotation 
angle of the output shaft to output an actual angle signal 
of the output shaft, a motor driver for outputting a 
driving signal to drive the motor section, an angle signal 
converting device for converting opening indication 

20 information of the vane of the variable nozzle which is 
transmitted from the engine ECU into a target angle signal 
of the output shaft, a comparing device for comparing 
the target angle signal of the output shaft which is 
transmitted from the angle signal converting device with 

25 the actual angle signal of the output shaft which is 

10 
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transmitted from the angle sensor, thereby outputting 
an indication signal corresponding to a difference 
between both of the signals, a calculating device for 
carrying out a calculation processing over the indication 
5 signal transmitted from the comparing device, and a motor 
driving logic generating device for inputting an output 
signal transmitted from the calculating device to the 
motor driver . 

A second aspect of the invention is directed to a 

10 variable nozzle control apparatus of a turbocharger 
comprising an electronic control actuator for inputting 
detected outputs from various sensors provided in an 
engine including a turbocharger having a. variable nozzle 
and controlling an opening of a vane of the variable 
. 15 nozzle of the turbocharger in response to a control signal 
transmitted from an engine ECU for identifying an 
operating situation of the engine by the detected outputs 
of the sensors, 

wherein the electronic control actuator has a motor 

20 section to be a driving source, an output shaft coupled 
to the motor section through a reduction gear mechanism 
and coupled to the vane of the variable nozzle of the 
turbocharger, an angle sensor for detecting a rotation 
angle of the output shaft to output an actual angle signal 

25 of the output shaft, a motor driver for outputting a 
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driving signal to drive the motor section, an angle signal 
converting device for converting opening indication 
information of the vane of the variable nozzle which is 
transmitted from the engine ECU into a target angle signal 
5 of the output shaft, a comparing device for comparing 
the target angle signal of the output shaft which is 
transmitted from the angle signal converting device with 
the actual angle signal of the output shaft which is 
transmitted from the angle sensor, thereby outputting 

10 an indication signal corresponding to a difference 
between both of the signals, a calculating device for 
carrying out a calculation processing over the indication 
signal transmitted from the comparing device,, a motor 
driving logic generat ing device for introducing an output 

15 signal transmitted from the calculating device into the 
motor driver, a wiping command device for outputting a 
command signal to execute a wiping operation for causing 
the vane to be stopped in a full open position via a full 
closing position at least once in a full operating region 

20 of the vane of the variable nozzle by status indication 
information transmitted from the engine ECU based on a 
stop of the engine by an OFF operation of an ignition 
switch, and a wiping processing device for introducing 
the command signal of the wiping command device into the 

25 motor driving logic generating device. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a diagram showing the structure of a 
variable nozzle control apparatus of a turbocharger 
according to a preferred embodiment of the invention; 
5 Fig, 2 is a block diagram showing an embodiment of 

the variable nozzle control apparatus of the turbocharger 
according to the invention,, illustrating a first example 
of an electronic control actuator; 

Fig. 3 is a block diagram showing an embodiment of 
10 the variable nozzle control apparatus of the turbocharger 
according to the invention, illustrating a second example 
. . of the internal structure of the electronic control 
actuator; 

Fig. 4 is a diagram showing the structure, of a 
15 variable nozzle ..control apparatus of a turbocharger 
according to a conventional example; and 

Fig. 5 is a diagram showing the structure of a 
variable nozzle control apparatus of a turbocharger 
according to another conventional example. 
20 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

An embodiment of a variable nozzle control 
apparatus of a turbocharger according to the invention 
will be described below in detail with reference to the 
accompanying drawings . 
25 Fig. 1 is a diagram showing a structure according 
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to an embodiment of the invention. Description will be 
given to the structure. 

14 denotes a turbocharger to be a system for 
supercharging intake air to an engine, which is provided 
5 with a compressor having a compressor wheel and a turbine 
(not shown) having a turbine wheel of the turbocharger 
coupled by a rotor shaft coaxially with the compressor 
and rotated by an exhaust gas. A pressure sensor 15 for 
detecting an air intake pressure of the intake air, that 
10 is, a boost pressure is connected to an air intake path 
14a of the turbocharger 14 through a hose 14b. Moreover, 
a variable nozzle member is provided in the turbine of 
the turbocharger 14 in order to surround the turbine 
wheel. 

15 16 denotes an engine ECU for introducing .a water 

temperature signal, a rotation signal and a load signal, 
that is, detected outputs from various sensors provided 
in the engine, for example, a water temperature sensor 
for detecting the water temperature of the engine, a 

20 rotation number sensor for detecting an engine speed and 
outputting a pulse signal at a constant crank angle, and 
an accelerator sensor for detecting an intake air amount 
obtained by an air flow meter and a stepping amount of 
an accelerator pedal obtained by a driver, thereby 

25 calculating a load amount respectively. 

14 
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In some cases, there are also provided an oxygen 
sensor for outputting a voltage signal to be varied 
depending on the oxygen concentration of an exhaust gas 
and a cylinder internal pressure sensor for detecting 
a pressure in an engine combustion chamber, which is not 
shown in Fig. 1. 

The operation state of an engine is identified based 
on these detected outputs to control the driving 
operation of an electronic control actuator 18 through 
a control signal line 17. The electronic control 
actuator 18 has a lever 18a and a rod 18b coupled thereto 
and controls a variable nozzle member (not shown) 
provided in the turbocharger 14 by the operation.. 

As shown in Fig. 2 r the electronic control actuator 
18 is generally constituted by an electronic control 
circuit section Al and a driving section A2 which is 
controlled to be driven by the electronic control circuit 
section Al, and has an angle sensor 19 for detecting the 
rotation angle of the output shaft of the driving section 
A2 . The electronic control circuit section Al is 
connected to the engine ECO 16 through the control signal 
line 17, The engine ECU 16 carries out a calculation 
processing control by information (signals) transmitted 
from sensors provided in various engines. 

The electronic control actuator 18 is attached to 
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the end of the cylinder block of the engine, for example. 
(Example ) 

Next, an example of the variable nozzle control 
apparatus of the turbocharger according to the invention 
5 and an operation thereof will be described with reference 
to Figs, 2 and 3. 

Fig. 2 is a block diagram showing a first example 
of the variable nozzle control apparatus of the 
turbocharger according to the invention. Description 

10 will be given to the first example. 

The electronic control, actuator 18 comprises an 
electronic control circuit section A3, and a driving 
section A2 . The actual angle signal of an output shaft 
is fed back from the output side of. the driving section 

15 A2 to the comparing device of the electronic control 
circuit section Al through an angle sensor 19- In the 
electronic control circuit section Al , an angle signal 
converting device 20, a comparing device 21, a 
calculating device 22 constituted by a PID calculating 

20 section, a change-over switch 23 and a motor driving logic 
generating device 24 are sequentially connected, various 
communication information, particularly, the opening 
indication information of a vane 14c of the variable 
nozzle are fetched from the engine ECU 16 via the control 

25 signal line 17 based on the starting operation of the 
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engine, and the same information or signals are subjected 
to a processing calculation and are thus output to the 
driving section A2 provided in a subsequent stage. The 
driving section A2 to be operated by the output signal 
5 comprises a motor driver 25 which is operated in response 
to the output signal of the motor driving logic generating 
device 24, a motor section 26 to be a driving source, 
a reduction gear mechanism 27 and an output shaft 28 of 
the electronic control actuator 18, and sequentially 

10 operates them. 

The actual angle signal of the output shaft is 
detected as the rotation angle of the output shaft 28 
by the angle sensor 19 and is introduced into the 
comparing device 2.1. The calculating, device 22 provided 

15 on the output side of the comparing device 21 is 
constituted by a PID calculating section, for example, 
and serves to compare the target angle signal of the 
output shaft 28 with the actual angle signal of the output 
shaft 28 by the comparing device 24 and to integrate, 

20 differentiate and proportionally control them to carry 
out a fine processing calculation. Since such the 
devices are used, the responsiveness of the electronic 
control actuator 18 can be enhanced very greatly. 

Next, the output of the electronic control actuator 

25 18 is transmitted to the variable nozzle member of the 
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turbocharger 14 through the lever 18a and the rod 18b, 
thereby controlling the opening of the vane 14c of the 
variable nozzle provided in the variable nozzle member- 
According to the apparatus of the invention/ thus, 
the rotation angle of the output shaft 28 coupled to the 
vane 14c of the variable nozzle is detected by the angle 
sensor 19, thereby outputting the actual angle signal 
of the output shaft, and the opening indication 
information of the vane 14c of the variable nozzle which 
is transmitted from the engine ECU 16 is converted into 
the target angle signal of the output shaft by the angle 
signal converting device 20, and both of the signals are 
compared with each other and the vane 14c of the variable 
nozzle is driven and controlled to have a target opening 
corresponding to a difference between both of the signals. 
Consequently, it is possible to obtain the variable 
nozzle control apparatus of the turbocharger in which 
the decision of the suitability of the opening of the 
vane 14c in the variable nozzle or a comparison processing 
can be automatically carried out, and a resolution can 
be enhanced and a control can be performed by a feedback 
signal . 

Moreover, the load of the software of the engine 
ECU can be reduced and various hoses required for 
conventional apparatuses are not necessary, and the 
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length of the control signal line can be decreased and 
a special countermeasure does not need to be taken against 
a noise. Furthermore, the size of the actuator 18 can 
be decreased so that the size of the whole apparatus can 
5 be reduced- 
Fig. 3 is a block diagram showing a second example 
of the variable nozzle control apparatus of the 
turbocharger according to the invention. Description 
will be given to the second example. Fig. 3 is a diagram 

10 showing a structure in which a function of causing the 
vane 14c of the variable nozzle to carry out a wiping 
operation is added to the structure of the block circuit 
. . in Fig . 2 . 

The electronic control actuator 18 comprises an 

15 electronic control circuit section A4 and the driving 
section A2 . The driving section A2 and the other 
structures are the same as those in the first example 
and description thereof will be omitted. Moreover, the 
structure of the electronic control circuit section A4 

20 is the same as that of the electronic control circuit 
section Al except that wiping command device and wiping 
processing device which will be described below are added. 
The electronic control circuit section A4 includes a 
wiping command device 29 and a wiping processing device 

25 30. The wiping command device 29 outputs a wiping 



19 



04- 2-12; 3 : 55PM ; N6B 



McGINN & GIBB ;31 35561 3954 



# 22/ 32 



operation command signal for executing the wiping 
operation of the vane 14c over the whole operating region 
of the vane 14c of the variable nozzle provided in the 
variable nozzle member by status indication information 
5 transmitted from the engine ECU 16 based on the stop of 
the engine of a car upon receipt of an OFF signal 
transmitted from an engine key switch, that is, an 
ignition switch 31. The wiping processing device 30 
introduces the wiping operation command signal into the 

10 motor driving logic generating device 24. The motor 
driver 25 rotates the motor section 26 in response to 
an output signal transmitted from the motor driving logic 
generating device 24, thereby executing the wiping 
operation of the vane 14c of the variable nozzle. When 

15 the wiping operation of the vane 14c of the variable 
nozzle is ended/ the wiping processing device 30 
transmits, as status information, a signal indicative 
of the end to the engine ECU 16. 

In many cases, the vane 14c of the variable nozzle 

20 is usually operated within a part of a whole operating 
region having an opening angle of 0 to 100 degrees, for 
example, only an operating angle range having an opening 
angle of 30 to 60 degrees. In some cases, accordingly, 
soot adheres to or stays on the surface of a nozzle ring 

25 within the operating angle range other than the normal 
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operating region of the vane 14c of the variable nozzle. 
According to the example, when the ignition switch 31 
is OFF, the wiping operation for stopping the vane 14c 
of the variable nozzle in a full open position via a full 
5 closing position at least once is executed. Therefore, 
so-called soot sweeping is carried out and the operation 
of the vane 14c of the variable nozzle or the variable 
nozzle member can be smoothly carried out and a durability 
can be enhanced, and furthermore, the flow efficiency 

lO of an exhaust gas or the operation efficiency of the vane 
14c itself of the variable nozzle can be improved and 
the opening of the vane 14c of the variable nozzle can 
be properly controlled.* 

The other structures and operations are almost the 

15 same as those in the first example and description thereof 
will be omitted. 

Since the variable nozzle control apparatus of the 
turbocharger according to the invention has the structure 
and operation described above, the following advantages 

20 can be obtained. 

According to the first aspect of the invention, the 
rotation angle of the output shaft coupled to the vane 
of the variable nozzle is detected by the angle sensor 
to output the actual angle signal of the output shaft, 

25 and the opening indication information of the vane of 
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the variable nozzle transmitted from the engine ECU is 
converted into the target angle signal of the output shaft 
by the angle signal converting device, both of the signals 
are compared with each other and the vane of the variable 
nozzle is driven according to a difference between both 
of the signals, thereby controlling the vane to have a 
target opening. Consequently, it is possible to obtain 
a variable nozzle control apparatus of a turbocharger 
capable of automatically carrying out the decision of 
the suitability of the opening of the vane in the variable 
nozzle or a comparison processing, enhancing a resolution , 
and per forming a control in response to a feedback signal. 
Moreover, it is possible to obtain such an advantage that 
the size of the actuator can be decreased so that the 
size of the. whole apparatus can be reduced- 
According to the second aspect of the invention, 
in addition to the advantages according to the first 
aspect of the invention, the vane is operated up to the 
full open position via the full closing position at least 
once in the whole operating region of the vane of the 
variable nozzle by the status indication information 
transmitted from the engine ECU based on the stop of the 
engine according to the OFF operation of the ignition 
switch* Therefore, it is possible to obtain such an 
advantage that so-called soot sweeping can be executed, 
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the operation of the vane of the variable nozzle can be 
smoothly carried out and a durability can be enhanced. 
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